Irradiation. Mice were exposed to 137Cs-y-irradiation at a dose of -100 rad/min. Mortality Assay for GVHD. As described previously (1), 2-to 4-mo-old B10.BR mice were exposed to a midlethal dose of irradiation (750 rad) and then, 26 h later, were injected intravenously with a mixture of T cell-depleted CBA BM (10 v viable cells treated with antiThy-1.2 serum and complement) together with the test population of CBA T cells. (The use of donor rather than host marrow limited the possibility that GVHD was simply a reflection of hematopoietic failure after marrow destruction by the donor T cells.) Recipients of marrow cells alone served as controls. Groups of mice were placed in separate cages in a laminar flow room and were checked for mortality three to five times per week for 80 d postirradiation. Neomycin (50/~g/liter) (American Pharmaceutical Co., Passaic, N. J.) and Polymyxin B (50 /~g/ml) (Burroughs Wellcome Co., Research Triangle Park, N. C.) were added to the drinking water for the first 3 wk postirradiation.
Statistical Analysis. Median survival times (MST) were calculated according to Litchfield (14) , and the Wilcoxon-Mann-Whimey two-sample rank test (15, 16) was used to compare median survival times between individual experimental groups.
Results
Experimental Design. In the case of MHC differences, transfer of T cells into irradiated MHC-incompatible rats (17) or mice (13) leads to a sequence of negative and positive selection of the donor T cell response to the alloantigens of the host. At 1-2 d posttransfer, the reactive T cells become sequestered in the lymphoid tissues where they proliferate extensively. During this stage of negative selection the thoracic duct lymph is specifically devoid of host-reactive T cells. After day 3, the reactive cells reenter the circulation in large numbers as blast cells, the stage of positive selection.
The aim of this study was first to demonstrate that analogous selection could be induced to minor HA, and then to investigate whether selection was restricted by the H-2 determinants of the minor HA-different hosts used for selection. The approach hosts through which the CBA ceils were filtered before transfer to B10.BR mice. The T cells were transferred to B 10.BR mice with a dose of 10 7 anti-Thy-1.2-treated CBA marrow cells. As controls, irradiated BI0.BR mice were given marrow but not T cells (BM only) or neither marrow nor T cells (no cells). The data were pooled from three separate experiments that involved 18 mice for CBA, BI0.BR, B10, and BM only groups; there were 6 mice for the B10.D2 and BI0.K groups and 10 mice for the no cells group.
was to determine whether acute recirculation ofCBA (H-2 k) T cells through irradiated H-2-different mice of the B 10 congenic lines interfered with the capacity of the donor cells to cause lethal GVHD after transfer to irradiated H-2-compatible B 10.BR mice.
(As discussed elsewhere [1] , GVHD in the CBA ~ B10.BR combination appears to be directed predominantly to the multiple [six or more] minor HA differences of the host rather than to the other antigenic differences separating the two strains, e.g., Ly, Qa, and Mls determinants.) Doses of 1-2 × l0 s unprimed CBA LN cells were transferred intravenously into heavily irradiated (850 rad) syngeneic mice or allogeneic mice of the B10 congenic lines and recovered from thoracic duct lymph of the recipients at 18- Table I show the incidence of lethal GVHD (mortality) in irradiated B10.BR mice given small doses (--<2 x 106) of CBA T cells recirculated through irradiated mice of various strains.
CBA T cells filtered through irradiated syngeneic mice caused 100% mortality within 50 d. GVHD failed to occur, however, when the cells were filtered through irradiated B10.BR mice or through mice of the closely related B 10.K strain ( Fig. 1 ; Table I ).2 Unresponsiveness (negative selection) was specific because CBA cells filtered 2 The fact that CBA (Qa-I b) T cells filtered through B10.K (Qa-I b) mice failed to cause mortality in BI0.BR (Qa-I ~) mice implies that gene products of the Qa-I locus (which maps close to the Tla locus) do not play a discernable role in the induction of GVHD in the CBA ~ BI0.BR combination. This is of some importance because Qa-I a determinants (or closely linked determinants) elicit high cytotoxic responses in vitro (18) (19) (20) . (Table I , footnote). Suppression did not appear to be involved because a mixture of CBA-cBA and CBA-m0.BR T ceils caused rapid mortality (Fig. 2 ). Negative selection was followed by positive Table I ). Studies with limited doses ofT cells (105 and 106) indicated that the potency of CBA-cBA and CBA-Ba0 T cells was quite similar ( Fig. 3 ; Table I ). To exclude the remote possibility that the minor (=5%) component of radioresistant host cells was the cause of GVHD after filtration through H-2-different mice, the filtered T cells were treated with antihost alloantiserum and complement before transfer. As shown in Fig. 2 , CBA-m0.D2 T cells treated with anti-H-2 d serum after filtration retained the capacity to cause rapid mortality in B 10.BR mice. It could be objected that the failure to cause negative selection to minor HA in H-2-different mice was the result of antigenic competition as a result of the strong donor response to the host H-2 determinants. To counter this argument, negative selection was also studied in H-2-semiallogeneic mice. As shown in 
Discussion
The main finding in this paper is that negative selection ofT cells that cause lethal GVHD to minor HA in H-2-compatible mice required a full sharing of H-2 determinants between the donor T cells and the irradiated minor HA-different intermediate hosts used for selection. In the case of both H-2-compatible and H-2-semiallogeneic combinations, negative selection was marked. Thus, whereas syngeneic-passaged CBA T cells caused 100% mortality in B10.BR mice with doses as low as 105 cells, 20-fold higher doses of T cells filtered through H-2-compatible B 10 congenic hosts (B 10.BR and B10.K) failed to elicit GVHD. In direct contrast, T cell filtration through totally H-2-different B10, B10.D2, or B 10.S hosts failed to cause detectable selection. In this situation, within the limits of the assay system the potency of the filtered T cells was equivalent to that of the control T cells. These data imply that, at least in the induction phase, GVHD is not directed to minor HA but to minor HA associated with self H-2 determinants. Whether analogous restriction applies during the effector phase remains to be established. Because virtually nothing is known of the properties and mechanism of action of the effector cells involved in GVHD, answering this question will clearly be difficult. demonstrable selection, i.e., in these situations the GVHD-inducing capacity of the filtered T cells was not discernably less than that of cells passaged through syngenic hosts. How can these data be explained? The simplest explanation is that as for cytotoxic T cells (24) , the cells controlling GVHD to minor HA comprise two discrete subgroups of T cells restricted to H-2K and H-2D determinants, respectively. Filtration through B 10 minor HA-bearing hosts matched with the donor at only one end of the H-2 complex (e.g., at H-2D) would thus be expected to remove (select) the subgroup restricted to D k plus minor HA but not affect the Kk-restricted subgroup; the reverse would apply to matching only at H-2K. Assuming that the T cell subgroups are of equal potency and do not cross-react, the reactivity of the filtered T cells would thus be reduced by a factor of only twofold. Here it should be noted that the assay system is not sufficiently sensitive to detect such a difference, even with large group sizes ( Table I, This interpretation admittedly rests on a number of unsubstantiated assumptions (and fails to explain the paradoxical increased potency ofCBA T cells filtered through B 10.OL mice [ Table I] ). Nevertheless it is difficult to think of an alternative explanation for the data. Proving the above interpretation would require the technically difficult procedure of double negative selection. For example, the capacity of CBA T cells to kill B10.BR mice after filtration through B10.OL (KaD k) mice should disappear after subsequent filtration through B10.A (KkD d) mice but not after a second passage through B10.OL mice. Such studies are in progress.
Because I-region-restricted T helper cells appear to control the generation of cytotoxic responses to minor HA in vitro (21) (22) (23) , it is of interest that filtration through H-2I-matched hosts (B10.A, BI0.A[4R], B104.AQR, and B10.TL) did not discernably influence the severity of GVHD. At face value one might conclude from these data that I-region-restricted T cells play no role in the induction of GVHD to minor HA. However, such a conclusion has to be viewed with caution for a number of reasons. First, although the GVHD-inducing potency of CBA-m04.AQR and CBA-B10.TL T cells compared with the control CBA-cBA T cells was remarkably similar (Table I) , more comprehensive experiments with larger groups of mice and limiting doses of T cells might well reveal a difference. Second, one could argue that the putative I-region-restricted cells failed to undergo negative selection. Without an assay for detecting these cells this question is obviously difficult to test (although it is noteworthy that I-region-restricted T helper cells involved in T-B collaboration are fully susceptible to negative selection [25] ). Because, unlike K/D-restricted T cells, I-region-restricted T cells express the Ly-1 antigen (26) , establishing the Ly phenotype of the T cells that cause GVHD might be useful for assessing these two possibilities. However, even if purified populations of Ly-l-2+3 + (i.e., K/D-restricted) T cells proved to be potent inducers of GVHD, this would not constitute prima facie evidence against the involvement of I-restricted cells. Thus, one could still argue that T helper cells arise de novo from the donor marrow inoculum or even that the host itself provides autoreactive T helper cells.
In addition to acting as T helper cells, it is also conceivable that I-region-restricted T cells per se could mediate GVHD to minor HA. To obtain direct information on this question would require testing the reactivity of T cells filtered through H-2K/Dmatched, H-2I-mismatched mice, i.e., kxxxxxkk mice in the case of CBA responder cells. Unfortunately, mice with this haplotype have not been described. Approaching this question will thus necessitate changing the H-2 haplotype of the responders and GVHD hosts. Such experiments are in progress.
Although the experiments in this paper establish that GVHD-inducing T cells exhibit H-2 restriction, the precise mechanism of antigen presentation to these T cells is far from clear. A priori, one might expect any cell that expresses the requisite association of minor HA plus self K/D determinants to be able to present antigen. Alternatively, some form of antigen processing, e.g., by macrophages, might be required (8, 27) . According to this latter possibility, exposure of T cells to foreign minor HA in H-2-different mice should lead to selection provided that the donor T cells were supplemented with appropriate syngeneic antigen-presenting cells, e.g., macrophage-enriched populations. To date, experiments in which large doses of syngeneic spleen cells or peritoneal exudate cells were added to the donor T cells during selection have failed to confirm this prediction. Whether this sigfiifies that processing of antigen is not involved or that the injected antigen-presenting cells failed to home effectively remains to be established.
Summary
With a model in which CBA T cells cause lethal graft-versus-host disease (GVHD) in irradiated B10.BR mice (H-2-compatible mice that express multiple minor histocompatibility antigen [HA] differences), information was sought on whether the induction phase of GVHD to minor HA is H-2 restricted. When unprimed CBA (H-2 k) T ceils were recirculated from blood to lymph for 1 d through irradiated H-2-compatible B 10.BR or B 10.K mice, the T cells underwent specific negative selection to the minor HA of the host, i.e., the filtered T cells failed to cause GVHD after transfer to B10.BR mice. With filtration through totally H-2-different B10 (H-2~, B10.D2 (H-2a) , or B10.S (H-2 ~) mice, by contrast, no selection occurred, i.e., the filtered cells were unimpaired in their capacity to kill B10.BR mice. Selection was marked after filtration through H-2-semialiogeneic (B 10 × CBA)Fa mice. These data, together with the results of filtering T cells through various H-2 recombinant strains, indicated that selection depended upon the donor and filtration host sharing determinants encoded by both the K-and D-ends of the H-2 complex. Compatibility only in the I region failed to cause demonstrable selection.
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